Abstract Objectives: To systematically review studies comparing extraperitoneal (E-RP) and transperitoneal minimally invasive radical prostatectomy (T-RP).
Radical prostatectomy (RP) is the 'gold standard' curative surgical treatment option for the management of clinically localised prostate cancer [1] . Since the first description of laparoscopic RP by Schuessler et al. [2] , there has been significant evolution in the techniques of minimally invasive RP (MIRP), which include the laparoscopic RP and the robot-assisted laparoscopic RP. There are various techniques for MIRP described in the contemporary literature. Most of these techniques were initially described with conventional laparoscopy and subsequently adopted in robotic surgery. Regardless of the technique used, all of these procedures require either an extraperitoneal or transperitoneal approach. The extraperitoneal approach emulates the open retropubic RP and avoids any access to the peritoneal cavity [3] . In the transperitoneal approach the intraperitoneal space provides more space enabling easier port insertion and robotic docking (in the case of the robot-assisted technique) [3] . Both approaches have advantages and disadvantages, without any clear evidence on the most appropriate approach for MIRP. Thus, the final selection of the approach seems to be more a matter of personal expertise and preference. The aim of the present study was to systematically review the studies comparing extraperitoneal and transperitoneal approaches with an emphasis on perioperative and immediate outcomes, positive surgical margin (PSM) rate, continence rate, and complications. Additionally, we critically evaluated the methodology and outcome reporting of the existing literature in this field.
Methods

All randomised trials and observational studies comparing extraperitoneal RP (E-RP) and transperitoneal RP (T-RP) were considered.
Search strategy and study selection
The systematic review was performed according to the Cochrane guidelines. Databases searched were Medline, Embase, Scopus, Cochrane Central Register of Controlled Trials (CENTRAL), CINAHL, and individual urological journals. The search was conducted in August 2015. All studies comparing E-RP and T-RP (both conventional laparoscopy and robotic approach) were evaluated; also references of searched papers were evaluated for potential inclusion.
Comparative outcome endpoints between E-RP and T-RP 
Data extraction and statistical analysis
Two reviewers (B.P.R., P.K.) independently identified all studies that appeared to fit the inclusion criteria for full review. Disagreement was resolved by consensus. If data were unavailable or incomplete, the data of the study were included into the review, but not into the meta-analysis. Where possible a meta-analysis was performed for comparable data. If a meta-analysis was not possible the data were presented in a narrative fashion.
A Mantel-Haenszel chi-squared test was used for continuous data and expressed as the mean difference (MD) with 95% CI, and for dichotomous data inverse variance was used and expressed as odds ratio (OR) or risk difference with 95% CI. A P value was considered significant if <0.05. Heterogeneity was analysed using a chi-squared test on N-1 degrees of freedom, with an a of 0.05 used for statistical significance and with the I 2 test [1] . I 2 values of 25%, 50% and 75% correspond to low, medium and high levels of heterogeneity. A fixed-effect model was used unless statistically significant high heterogeneity existed between studies. A random-effects model was used if heterogeneity existed.
Quality assessment of studies
An assessment of the methodological quality of the included studies was conducted consistent with the Cochrane handbook for randomised control trials [4] . For quality assessment the selection bias, performance bias, detection bias, attrition bias, and reporting bias were assessed in each of the included studies. For observational studies quality assessment was performed using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [5] . Additionally, all studies were evaluated to assess if the quality of the reporting of complications met the Martin criteria for complication reporting [6] .
Results
In all, 1256 records were identified after the initial database search. Of these, 20 studies met the inclusion criteria with a total of 2580 patients (E-RP 1380 vs T-RP 1200) (Fig. 1) [3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . In all, 12 studies compared laparoscopic E-RP and laparoscopic T-RP [8-10,13-15 ,17,20-24] . Eight studies compared robotic E-RP and robotic T-RP [3, 7, 11, 12, 16, 18, 19, 25] . Only one study was a randomised control trial comparing robotic E-RP and robotic T-RP [3] , and 19 were observational comparative studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] (Table 1 [3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ).
Outcomes
Perioperative outcomes Operative time: All 20 studies reported on operative time [3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The mean (SD) operative times ranged between 133.7 (27) and 267.6 (70.57) min for laparoscopic E-RP and between 173 and 350 min for [11, 12, 15, 16, [21] [22] [23] [24] (five laparoscopic and four robotic) of these studies had data that were suitable for meta-analysis. There was no statistical difference in EBL between the two cohorts for both the laparoscopic (MD 28.50, 95% CI À38.93, 95.92; P = 0.41) and robotic groups (MD 12.73, 95% CI À28.19, 53.65; P = 0.54) (Fig. 2B ). In all, 10 studies [8-11,13-15,17,2 1,23] (nine laparoscopic and one robotic) reported on BTR between the two groups. There was no statistical difference in the BTR between the cohorts on metaanalysis for both the laparoscopic (OR 0.92, 95% CI 0.54, 1.55; P = 0.74) and robotic groups (OR 1.44, 95% CI 0.13, 16.34; P = 0.77) (Fig. 3A) .
LOS: Data from nine studies [8, 11, 12, 15, 16, [21] [22] [23] 25 ] (five laparoscopic and four robotic) on mean LOS were considered suitable for meta-analysis. The meta-analysis favoured the E-RP cohort, which had a shorter LOS for both the laparoscopic (MD À0.30, 95% CI À0.35, À0.24; P < 0.001) and robotic groups (MD À1.09, 95% CI À1.47, À0.70; P < 0.001) (Fig. 3B ).
Analgesia requirement: Five studies [8, 12, 14, 21, 22 ] (four laparoscopic and one robotic) had data on mean analgesia requirements appropriate for meta-analysis. Erdogru et al. [14] reported narcotic and non-narcotic usage separately and hence both the data sets were used for analysis. There was no statistical difference between the two cohorts on meta-analysis for both the laparoscopic (MD À3.33, 95% CI À11.43, 4.77), P = 0.42) and robotic groups (MD 1.20, 95% CI À1.84, 4.24; P = 0.44) (Fig. 4A) .
Functional outcome Early continence rates: Seven studies [12, 13, 15, 18, 21, 22, 24] (five laparoscopic and two robotic) had data available that were considered suitable for meta-analysis. The meta-analysis showed the E-RP cohort had better continence rates when compared to the T-RP cohort in the laparoscopic group (OR 2.52, 95% CI 1.72, 3.70; P < 0.001) (Fig. 3B) . However, there was no difference in the early continence rates between the two cohorts in the robotic group (OR 1.28, 95% CI 0.76, 2.14; P = 0.36) (Fig. 4B) .
Continence rates at 12 months: Five studies [12] [13] [14] 21, 22] (four laparoscopic and one robotic) provided data suitable for meta-analysis. There was no statistical difference between the two cohorts for continence rates at 12 months for both the laparoscopic (OR 1.55, 95% CI 0.89, 2.69; P = 0.12) and robotic groups (OR 3.03, 95% CI 0.54, 16.85; P = 0.21) (Fig. 5A ).
Oncological outcome PSM rate: Data from 18 studies [3,7,9-16,17-25] (11 laparoscopic and seven robotic) were used to perform a meta-analysis for PSM rate. There was no statistical difference between the two cohorts for PSM rates for both the laparoscopic (OR 1.18, 95% CI 0.92, 1.52; P = 0.19) and robotic groups (OR 0.80, 95% CI 0.56, 1.14; P = 0.22) (Fig. 5B) .
Complications
In all, 17 studies reported on complications [3, [7] [8] [9] [10] [11] [12] [13] [14] 16, 17, [19] [20] [21] [22] [23] [24] . Only three studies adopted a complication grading system, which was the Clavien-Dindo grading system in all of them [11, 16, 21] . The assumed grading of the individual complications is shown in Tables 2  and 3 .
Overall complications: In all, 15 studies [3,7,9-14,17 ,19-24] (10 laparoscopic and five robotic) had data available suitable for meta-analysis comparing the two cohorts. The meta-analysis favoured the E-RP cohort both in the laparoscopic (OR 0.71, 95% CI 0.53, 0.96; P = 0.03) and robotic groups (OR 0.52, 95% CI 0.30, 0.91; P = 0.02) (Fig. 6A) .
Ileus: Data from nine studies [7] [8] [9] [12] [13] [14] 16, 22, 23] (six laparoscopic and three robotic) were pooled for analysis. The meta-analysis favoured the E-RP cohort in both the laparoscopic (OR 0.25, 95% CI 0.08, 0.82; P = 0.02) and robotic groups (OR 0.13, 95% CI 0.03, 0.57; P = 0.007) (Fig. 6B) . Lymphocele: Six studies [8, 12, 13, 16, 21, 23] (three laparoscopic and three robotic) provided data for the pooled analysis. The meta-analysis favoured the T-RP cohort in the laparoscopic group, which achieved statistical significance (OR 8.69, 95% CI 1.60, 47.17; P = 0.01). In the robotic cohort, although the metaanalysis favoured the T-RP cohort it did not achieve statistical significance (OR 1.59, 95% CI 0.60, 4.23; P = 0.35) (Fig. 7A) .
Anastomotic leak: In all, 13 studies [3, 7, [9] [10] [11] 13, 17, [19] [20] [21] [22] [23] [24] (nine laparoscopic and four robotic) had data available suitable for meta-analysis comparing the two cohorts. The meta-analysis did not show a statistical difference between the two cohorts for urine leakage for both the laparoscopic (OR 0.76, 95% CI 0.44, 1.33; P = 0.34) and robotic groups (OR 1.11, 95% CI 0.40, 3.09; P = 0.85) (Fig. 7B) .
Bladder neck stenosis: Six studies [7, 9, 13, 21, 22, 24] (five laparoscopic and one robotic) had suitable data for meta-analysis. The results did not show a statistical difference between the two cohorts for bladder neck stenosis for both the laparoscopic (OR 0.65, 95% CI 0.22, 1.91; P = 0.43) and robotic groups (OR 1.00, 95% CI 0.06, 16.56; P = 1.0) (Fig. 8A) .
Rectal injury: In all, 10 studies [8, [11] [12] [13] [14] 16, 20, [22] [23] [24] (seven laparoscopic and three robotic) had comparative data. The meta-analysis did not show a statistical difference between the two cohorts for both the laparoscopic (OR 0.60, 95% CI 0.23, 1.56; P = 0.29) and robotic groups (OR 0.49, 95% CI 0.10, 2.48; P = 0.39) (Fig. 8B ).
Mortality rates: Six studies [10, 14, 16, 20, 23, 24] (five laparoscopic and one robotic) reported on mortality. The meta-analysis did not show any difference between the two cohorts for both the laparoscopic (OR 0.33, 95% CI 0.01, 8.19; P = 0.5) and robotic groups (OR 1.98, 95% CI 0.08, 49.21; P = 0.68) (Fig. 9) .
Quality assessment of studies and complications reporting
Only one randomised study was identified in the present review, which had a high risk of selection, performance, detection, attrition and reporting biases (Fig. 10) [3] . The remaining 19 studies were observational studies of which five were prospective studies (one matched pair analysis), six retrospective analyses, and eight uncharacterised studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The quality assessment of these studies was done using the STROBE guidelines and is shown in Table 4 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Lee et al. [25] was excluded from this assessment as parts of the study were in Korean.
Of the 17 studies reporting on complications, the mean (SD, range) number of Martin criteria fulfilled by all the studies was 5.71 (1.57, 2-8) (Table 5 ) [3,7-14 ,16,17,19-24] . Only three studies adopted a complication grading system (Clavien-Dindo grading system) [11, 16, 21] .
Discussion
The results of the present meta-analysis of 2580 patients comparing extraperitoneal and transperitoneal approaches in MIRP showed interesting results. The LOS in the E-RP cohort was significantly lesser than that of the T-RP cohort for both the laparoscopic and robotic groups. There was no significant difference in the operative time, EBL, BTR, and analgesic requirements between the two cohorts.
Early continence rates favoured the E-RP cohort in both the laparoscopic and robotic approaches. Nevertheless, statistical significance was achieved only in the laparoscopic group. The above observation may be attributed to protracted bladder dysfunction due to increased bladder manipulation in the transperitoneal approach [13] . However, these results have to be treated with caution in view of potential confounding factors, such as the proportion of patients undergoing a nervesparing approach in each cohort, which in itself could influence continence rates [26] . Furthermore, the 12-month continence rate between the two approaches was not statistically significantly different, presumably as any factors that may have influenced early continence will probably have subsided. The meta-analysis of studies reporting on overall complication rates showed lower complication rates in the E-RP cohort for both the laparoscopic and robotic groups. The specific complication of ileus had a significantly higher rate in the T-RP cohort for both the laparoscopic and robotic groups. Factors such as bowel manipulation, bowel irritation by urine and blood with the transperitoneal approach would probably contribute to this trend. Furthermore, the consequent quicker resumption of normal bowel activity could be a plausible explanation for the shorter LOS in the E-RP cohort as well. The symptomatic lymphocele rate was higher in the T-RP cohort, although statistical significance was achieved only in the laparoscopic group. In a transperitoneal approach, accumulated lymph fluid can be absorbed into the peritoneum; hence these patients are less likely to develop a symptomatic lymphocele, which probably explains this trend. There has been a suggestion by some authors that an extraperitoneal approach places increased stress on the vesico-urethral anastomosis [7, 27] . The latter suggestion was not confirmed in terms of increased rates of urine leak requiring longer periods of catheterisation or drain insertion as evidenced from the present review. Amongst the 20 studies included in the present review only three adopted the Clavien-Dindo grading system for complications and hence a meta-analysis using Clavien-Dindo grading was not performed [11, 16, 21] . The latter observation probably represents a paucity of studies with standardised complication reporting, and also represents a limitation of the present analysis.
Both the E-RP and T-RP cohorts had equivalent results for PSM rates in both the laparoscopic and robotic groups. The latter observation practically dictate that neither of the access approaches has an oncological advantage over the other.
Clearly both approaches have advantages and disadvantages. The extraperitoneal approach has various advantages such as: a less steep Trendelenburg position reducing anaesthetic adverse effects, decreased intraabdominal complications, and confinement of blood and urine in the extraperitoneal space [28, 29] . These factors may lead to fewer overall complications as evidenced in the present review. Furthermore, the present review suggests that E-RP is associated with a shorter LOS and earlier return of continence. On the contrary, the extraperitoneal approach has been related to increased symptomatic lymphocele rates. Techniques such as fenestration of the peritoneum have been suggested to address this issue [30] . Furthermore, with a restricted cranial boundary, the extraperitoneal approach is not an ideal approach when an extended pelvic lymphadenectomy is anticipated. During recent years, there has been an increased trend towards adopting the transperitoneal approach worldwide, particularly in robotic surgery [7, 27] . The likely explanation for this trend is the marginally more challenging extraperitoneal access and more limited space associated with an extraperitoneal approach making the procedure potentially more difficult. The authors advocate that surgeons proficient in the transperitoneal approach are unlikely to have a significant learning curve before being Table 4 Evaluation of studies using the STROBE guidelines. able to perform the extraperitoneal approach competently. Nevertheless, it is imperative that urologists specialising in MIRP surgery are familiar with both approaches, therefore reaping benefits of either approach when indicated. The present review further highlights a significant paucity in good quality studies that are available to advise future practice, which has been its chief limitation. The present review identified only one randomised study, which was deemed to have significant bias (Fig. 6) . Furthermore, the quality of the observational studies in the present review was also poor when evaluated using the STROBE guidelines, with eight uncharacterised studies (Table 4) . Thus, careful interpretation of the present results should be considered. It should be noted that the overall heterogeneity of the pooled results was low with an I 2 ranging between 0% and 24% in the case of BTR, continence, and complications (Figs. 3A, 4B, 6A and B, 7A and B, 8A and B, 9). The latter observation dictates that these results could be considered as accurate and further strengthens any results related to the above parameters. On the other hand, a high level of overall heterogeneity was calculated for operative time, EBL, LOS, and use of analgesics, with an I 2 value ranging between 71% and 97% ( Figs. 2A and B, 3B, 4A ). It should be noted that the I 2 can be misleading as the magnitude and directions of the effects may influence its value and the P value from the chi-squared test or the CI may be related to the strength of evidence of heterogeneity. When the P value of the chi-squared and the CI are considered for the operative time, EBL, LOS, and use of analgesics, the results of the pooled analysis can be considered as accurate.
Another issue addressed in the present review is the lack of standardised surgical outcome and complication reporting that limited the number of studies suitable for meta-analysis. Systematic reviews play an important role in scrutinising and collating available evidence and thus advising future practice. The lack of standardised reporting makes it impossible to meaningfully evaluate all of the available data. In terms of complication reporting, there are a number of grading systems available with the Clavien-Dindo system being the most popular [6] . In the present review, only three studies adopted this system [11, 16, 21] . In an attempt to evaluate more accurately the reported complications, the authors fol- [17] Y 7 -Procedure-specific complications included. 8 -Severity grade utilised -Any grading system designed to clarify severity of complications including major and minor is reported. 9 -LOS data -Median or mean LOS indicated in the study. 10 -Risk factors included in the analysis -Evidence of risk stratification and method used indicated by study. Y, yes study addressed criteria completely; N, no study did not address criteria; P, study partially addressed criteria; TC, total number of Martin criteria met by each study.
lowed the 10 criteria set by the Martin criteria. In the present review the mean number of Martin criteria fulfilled per study was a mere 5.71 [6] . Dahm et al. [31] in a recent review article highlighted some of the issues with performing high quality surgical research. A number of issues, such as equipoise and blinding, have been a significant impediment in the performance of surgical trials. Nevertheless, equipoise is unlikely to be a significant issue when comparing the extraperitoneal and transperitoneal approaches due to both approaches having a reasonable well-proven safety track record. Hence, recruitment failure is unlikely. With regard to blinding, clearly surgeon blinding is not possible. However, patient blinding would be possible in this clinical scenario. Furthermore, the role of prospective, collaborative research in surgical research cannot be emphasised more. The Idea, Development, Exploration, Assessment, Long-term study (IDEAL) collaboration framework advised a staged approach [32] . The latter study recommended the initiation of any surgical research with prospective collaborative studies in order to evaluate feasibility of future randomised control trials, a strategy ideal for comparing trans-and extraperitoneal approaches in MIRP.
Conclusions
The present review suggests that the extraperitoneal approach is associated with a shorter LOS, lower overall complication rate, and earlier return to continence when compared to the transperitoneal approach. Transperitoneal approaches are associated with lower rates of lymphocele formation. The present review also highlights the paucity of high-quality evidence available in this area and poor outcome and complication reporting in the literature. There is a need for consensus amongst the academic and clinical urological community to form standardised outcomes to which all reporting literature should adhere.
